In the aim of valorizing aromatic and medicinal plants from Morocco, this work focuses on the chemical characterization and antimicrobial activity of Pelargonium asperum essential oil against 11 microbial strains causing problems in the medical and food domain. The chemical profile of the volatile oil was investigated by GC/MS. The major compounds were citronellol (26.98%), geraniol (14.12%), isomenthone (8.80%), linalool (4.97%), citronellylformate (3.1%), followed by geranylformate (4.07%) and guai-6,9-diene (4.24%). The results of antimicrobial activity by using the broth microdilution method indicated that essential oil of Pelargonium asperum exhibited significant antimicrobial activity against all tested microorganisms with the strongest inhibitory effect against yeasts. The MICs values ranged from 0.003% to 0.25% (v/v) for all strains, except Pseudomonas aeruginosa, which was least susceptible and inhibited by 2% (v/v). These results suggest that Pelargonium asperum oil could be used for the development of new antimicrobial agents.
INTRODUCTION
The microbiological quality of food is one of the essential foundations or basis of its ability to satisfy consumer safety. Foods exposed to deterioration by bacteria and fungi could reduce their sensory, nutritional and health characteristics (Guiraud, 2003) . Despite improved food preservation techniques, natural food preservatives remain one of the most important issues for public health (Burt, 2004) . In fact, several synthetic food preservatives have been limited in many countries, because of their long term side effects, including carcinogenicity (Chahardehi et al., 2010) . Furthermore, antimicrobial resistance is now a global concern, which reached a crisis point in many hospitals worldwide. Indeed, there is an urgent need to replace our arsenal of anti-infective agents (Cushnie and Lamb, 2011) , by developing new antimicrobial agents. In this context, a great interest has been focused on the natural products, in particular essential oils (Bakkali et al., 2008) . Essential oils are volatile components containing complex mixtures of oxygenate hydrocarbon substances having for general formula (C 5 H 8 )n: monoterpenes and sesquiterpenes (Deans and Svoboda, 1990) . One of their apparent properties is their antiseptic power, linked to their activity against pathogenic bacteria, including some antibioticresistant strains. Several previous data already described many recipes of herbal and aromatic oils that priests and doctors employed. Currently, the use of essential oils is carried out on the scientific and rational basis, in order to develop new products for various fields: food, medical, veterinary and cosmetic. Furthermore, in the literature, several research studies have proved the antimicrobial, antiviral and insecticide properties of terpenes (Nsambu et al., 2014; Sadiki et al., 2014; Salah-Fatnassi et al., 2010) . In addition, chemical complexity of the essential oils prevents the decoding from pathogens and thus reduces the risk of developing microbial resistance.
Indeed the use of antimicrobial properties of essential oils does not start today (Beylier-Maurel, 1976) , while nowadays the need to their applications became urgent. Therefore, the present study aims to determine the chemical composition of Pelargonium asperum essential oil and to investigate its antimicrobial activity by micro-dilution methods against 11 selected spoiling and pathogenic microorganisms, in an attempt to contribute to the use of these as alternative products for microbial control and food preservation.
MATERIAL AND METHODS

Plant material
Fresh aerial part of Pelargonium asperum was harvested from the garden of National Institute of the Medicinal and Aromatic Plants (NIMAP). The botanical identification was performed, and then the voucher specimen was deposited at the Herbarium of NIMAP (Morocco).
Essential oil extraction
The fresh aerial part of P. asperum (leaves and stems) was hydrodistilled for 3 h using a Clevenger-type apparatus. The essential oil was then kept in dark at 4°C until further use.
Target strains
Tested 
Determination of minimum inhibitory concentration against bacteria
The minimum inhibitory concentration was determined in 96 well-microplate using the microdilution assay according to the protocol previously described by with slight modifications. Bacteriological agar at 0.15 % (w/v) was used as an emulsifier of the essential oil in the culture medium. For bacteria, the essential oil was serially diluted in Muller Hinton broth supplemented with agar to obtain the final concentrations ranging between 8% and 0.007% (v/v). The 12 th well was considered as growth control (free-essential oil control). Then, 50 μL of bacterial inoculum, previously prepared and adjusted to 0.5 McFarland, were added to each well to reach the final concentration of 10 6 CFU/mL. After incubation at 37°C for 24 h, 10 μL of resazurin were added to each well as a bacterial growth indicator.
After further incubation at 37°C for 2 h, the bacterial growth was revealed by the change of coloration from purple to pink. Experiments were carried out in triplicate.
Determination of Minimum inhibitory concentration against fungal strains
To investigate the antifungal activity of the studied essential oil against Aspergillus niger and Penicillium expansum a modified microdilution technique described by (Daouk et al., 1995) was used. Firstly, 50 μl of malt extract broth were added from the second to the 12 th well. The essential oil was diluted in Tween 20 1% (v/v) at a final concentration of 40% (v/v), then 100 µL of this solution were deposed in the first well. Afterwards, scalar dilution was made by transferring 50 µL from the 1 st to the 11 th well. The 12 th well was considered as growth control. Thereafter 50 μL of the fungal spore suspension was added to each well to reach a final concentration of 10 6 spores/mL.
The microplate was sealed and incubated for 72 h at 30°C. The lowest essential oil concentration that prevents visible fungal growth was defined as the MIC. Likewise, the MIC determination against Candida albicans and Candida tropicalis, was performed in 96 well-microplate according to the protocol previously described with slight modifications. The essential oil was also serially diluted in YPG broth supplemented with agar at 0.15% (w/v). The 12 th well was also considered as growth control. Then, 50 μL of fungal inoculum were added to each well at a final concentration of 10 3 CFU/mL. Finally, the microplate was sealed and incubated at 30°C for 48 h. Experiments were carried out in triplicate. Similarly, the lowest essential oil concentration that prevents visible fungal growth was defined as the MIC.
RESULTS AND DISCUSSION
The studied essential oil was previously subjected to a gas chromatography-mass spectrometry analysis. This analysis revealed 61 different compounds accounting for 99.96% of the whole Pelargonium asperum essential oil, where the major constituents were citronellol (26.98%), geraniol (14.12%), isomenthone (8.80%), linalool (4.97%), geranylformiate (4.07%), guaï-6,9-diene (4.24%) and citronellyl formiate (3.1%). Likewise, several previous studies have found citronellol as the principal major component of this essential oil (Boukhatem et al., 2013; Boukhris et al., 2013; Bouzenna and Krichen, 2013; Gomes et al., 2007; Jalali-Heravi et al., 2006) .
Antibacterial effect of Pelargonium asperum essential oil
This study focused on the Pelargonium asperum essential oil bioactivity. Results found of its antimicrobial activity evaluated against 11 microbial strains are compiled in Tables (Tab. 1, 2 and 3).
As regards to the antibacterial effect, it can be seen in the Tab. 1 that all tested bacterial strains were susceptible to the studied essential oil. The antibacterial effect unveiled seems to be strain-dependent. In fact, strong inhibitory effect has been shown against all Gram-positive bacteria, especially Bacillus cereus and Micrococcus luteus, since they were inhibited by very low concentrations 0.007% and 0.015% (v/v) respectively. In addition, the concentration of 0.031% (v/v) was sufficient to inhibit the growth of S. aureus and B. subtilis. Against Gram-negative bacteria the tested essential oil was more active against E. coli and S. enterica serovar typhimurium with a minimum inhibitory concentration of 0.125% (v/v). In contrast, P. aeruginosa was the most resistant strain with MIC value of 2% (v/v). Previous studies confirmed that this bacterial strain was the most resistant (Boukhatem et al., 2013; Ghannadi et al., 2012; Haloui et al., 2015) . Usually, the Gram-positive strains were more susceptible to the essential oils than the Gram-negative bacteria. This difference is closely related to their cell wall compositions, since the antibacterial activity of the essential oils has been explained by molecular interactions of the functional groups of their components and the bacterial wall, which inflict several damages to the cell (Calo et al., 2015) .
In fact, the outer membrane of Gram-negative bacteria is characterized by the presence of lipopolysaccharides (75%), which have hydrophilic character that makes the outer membrane of these bacteria invulnerable to the most hydrophobic molecules (i.e. Hydrocarbons terpenes). Thus, this structural particularity is in part responsible for the intrinsic resistance of Gram-negative compared to the Gram-positive bacteria to the essential oils constituents (Gachkar et al., 2007; Trombetta et al., 2005) . Furthermore, concerning the antifungal activity against molds and yeasts (Tab. 3 and 4), the screening test revealed that all tested fungal strains were susceptible to the Pelargonium asperum oil. Indeed, the strongest inhibitory effect was exerted against yeasts (both Candida species) with MIC values of 0.003% and 0.007% (v/v) against Candida albicans and Candida tropicalis respectively. These results are in agreement with those of previous works (Boukhatem et al., 2013; Hassane et al., 2011) . As regards to the molds they were inhibited with MIC values of 0.312% and 0.15% (v/v) against Penicillium expansum and Aspergillus niger respectively. The broad spectrum and the significant antimicrobial activity of the tested essential oil may be attributed to its richness in terpenic alcohols (citronellol, geraniol, linalool), which represent 46.07% of its total composition. In fact, these molecules are well-known for their greater efficiency as antimicrobials (Hammer et al., 2003; Inouye et al., 2001; Satrani et al., 2006) . In addition, among the identified compounds in this oil, some molecules were previously reported to exhibit antimicrobial activity such as limonene (Mazzanti et al., 1998) , geraniol (Araújo et al., 2003) , carvacrol and citronellol (Sacchetti et al., 2005) .
In addition, this antimicrobial outcome could also be attributed to the synergistic interaction between the various components of this oil. In fact, it has been reported in previous studies that the inhibitory activity of an essential oil results from a complex interaction between its different constituents (Burt, 2004; Viuda-Martos et al., 2008; Xianfei et al., 2007) . 
CONCLUSION
The findings highlighted that P. asperum essential oil was able to inhibit the growth of a wide spectrum of microbial strains, known for their implications in human and animal infections. Its content on several active compounds and their interactions explained well its bioactivity. Hence, this essential oil can be a promising agent to control microbial growth, even if more detailed reports on its toxicity and mechanisms of action are requested to overcome the impediment of its application in several industries. 
